Purpose: Non-CML myeloproliferative neoplasms (MPN) include essential thrombocythemia (ET), polycythemia vera (PV), and myelofibrosis (MF). Reported median overall survival (OS) ranges from a few to several years for MF, a decade or more for ET and PV. The study objective was to compare US survival rates of ET, PV, and MF patients with matched non-MPN/noncancer controls in a nationally representative database.
Introduction
Myeloproliferative neoplasms (MPNs) are a group of hematologic malignancies characterized by the clonal or oligoclonal proliferation of one or more myeloid lineages that arise from a polyclonal stem cell pool. The World Health Organization classification of MPNs [1] includes chronic myelogenous leukemia, polycythemia vera (PV), essential thrombocythemia (ET), myelofibrosis (MF), chronic neutrophilic leukemia, chronic eosinophilic leukemia not otherwise specified, mastocytosis, and MPNs not otherwise specified (MPN-NOS). The non-chronic myeloid leukemia (CML) MPNs ET, PV, and MF are characterized by activation of JAK2 signaling and abnormal blood cell production [2] [3] [4] . MPNs are rare with an incidence ranging from approximately 0.5 to 3 per 100,000 persons depending on the subtype and geography [5] [6] [7] [8] .
The non-CML MPNs are distinguished from one another on the basis of effects on cell lineages and the involvement of fibrosis in the bone marrow compartment [1] . PV is characterized by an increase in red blood cell production, or red cell mass (RCM), occurring independently of normal regulatory mechanisms. In PV, increases in the RBC mass may occur in concert with an increase in platelet numbers as well. Major diagnostic criteria for PV include increases in hemoglobin (.18.5 g/dl in males, .16.5 g/ dL in females; or other evidence of increased red cell volume) and presence of JAK2 V617F or similar mutation [9] . While not included in the current WHO diagnostic criteria, an elevated RCM may assist in identifying PV patients who do not meet the defined elevations in hemoglobin or hematocrit values [10] . In contrast, ET involves overproduction of platelets in the absence of an increased red blood cell mass [11, 12] . MF is characterized by a progressive evolution or worsening of bone marrow fibrosis and abnormal blood cell production, with many patients initially demonstrating hypercellularity, but changes in hematopoiesis can lead to the development of a hypocellular state later in the evolution of the disease [13] .
Survival rates of non-CML MPN patients, by subtype, from a nation-wide US population have not been recently described. MPNs are more prevalent in the elderly, and therefore Medicare enrollees are a highly relevant source for US-based survival estimates in these diseases. To address this knowledge gap, this study compared survival rates of Medicare enrollees diagnosed with MPNs (ET, PV, and MF) with matched non-MPN/noncancer controls.
Patients and Methods

Data Source
Retrospective data were taken from the Survey, Epidemiology, and End Results (SEER)-Medicare linked database in the US, which combines clinical information from the SEER cancer registry (MPN reporting has been required since 2001) with medical and pharmacy claims for Medicare Part A and B enrollees. SEER areas have been shown to be nationally representative [14] and capture approximately one-quarter of the total US population [15] . For each incident cancer diagnosis reported in SEER, patient-level information is captured on demographics, date of diagnosis, clinical data about the malignancy (e.g., histology, morphology, topography, stage, grade), The research presented in this report was conducted with Institutional Review Board (IRB) approval in accordance with the Helsinki Declaration on the protection of human subjects. The research organization conducting this study, RTI Health Solutions, a business unit of RTI International, holds a Federal-Wide Assurance (FWA) from the US Department of Health and Human Because no new data were collected on human subjects (i.e., all data were retrospective, de-identified, and non-interventional), the study was exempted from patient consent requirements and was approved for conduct by the authorized IRB. Furthermore, this research followed rules of the SEER-Medicare Data Use Agreement (DUA) for external investigators that require suppression or combining of results fields comprising fewer than 11 patients in order to further ensure patient anonymity. Survival Analyses
Patient Cohort
Survival for the matching controls was assessed from the diagnosis date of their respective match until death or until censoring at the end of the database. Survival was descriptively estimated and compared for MPN cases and controls using the Kaplan-Meier method. Separate Cox proportional hazards models were fit to each of the three diseased cohorts to investigate the prognostic impact of age group, gender, race and reason for Medicare eligibility on survival. Finally, using life table methods, the proportion of patients in each MPN subtype surviving at least 1, 3, 5, and 7 years after diagnosis was estimated and reported. All survival analyses were conducted in SAS (Version 9.3, Cary, NC) statistical software using the LIFETEST procedure.
Results
A total of 3,364 MPN patients (n = 1,217 ET, 1,625 PV, 522 MF) were identified for inclusion and assigned matching controls ( (Figure 1 ). These results were also reflected in the 1-, 3-, 5-and 7-year survival rates presented in Table 2 . The 7-year survival rate for MF patients, for example, was only 11% compared with 42% for patients with ET. Females with ET and MF appeared to have better survival than males with these MPN subtypes (Figure 2) . Females with PV, however, were found to have a survival disadvantage relative to males with PV. Increasing age was generally found to be inversely associated with survival, except for patients with ET in whom younger patients (age 45-64 years) had worse survival than patients 65-74 years of age (Figure 3 ). Various factors, including age group, gender, region and race were significant in the Cox proportional hazard models with the most salient by far being advanced age (Table 3) . Table 4 briefly summarizes available studies on survival in MPN patients. Studies describing survival in US patients with MPNs are limited, and the few available feature small samples [16] [17] [18] or limited follow-up time [19] . Prior to 2012, only a limited number of observational studies on MPN survival were published from international populations. In Europe, country-specific studies have examined MPN survival in Spain [20] , Italy [21] , France [5] , and Sweden [22] . A few pan-European studies also reported MPN survival [23, 24] . Additionally, one non-Caucasian report provided insight into the Chinese MPN population survival trends [25] . Lastly, potential reasons for survival disparity can also include limited geographic scope, referral bias, socio-economic differences, specificity for MPN (a single general category or by subtype), age and recency of data, all-comers in the US vs Medicare-only, treatment heterogeneity, inclusion of matched controls, study duration (one vs. several years) and oversampling for minorities. Across most of the available studies, patients with MF were consistently reported to have a substantially reduced life expectancy, while patients with PV or ET were generally observed to have a good prognosis with only a slight reduction or no change in expected survival. In one of the studies, however, survival in ET patients was observed to be similar to controls only in the first decade after diagnosis and then significantly worsened thereafter [18] . A recent study in Sweden reported substantially reduced survival in all MPN subtypes over four calendar periods compared to the general population, while noting that survival improved in PV and ET patients after 1993 [22] .
Discussion
In our large population-based study including more than 3,300 Medicare enrollees with MPNs diagnosed between 2001 and 2007, survival in MF patients was significantly worse than that of patients with ET or PV. This finding is consistent with the previously summarized studies comparing survival in MPN patients versus non-MPN patients. Also consistent with findings by Hulcrantz et al. (2012) in a Swedish population [22] , and contrary to previous reports that ET and PV patient's experience near-normal life expectancy, survival of patients with ET or PV was substantially inferior to matched controls in the Medicare population examined here. Previous studies suggest that survival in MPN patients can be influenced by several factors. Consistent with many other cancer types, increased age is associated with decreased survival in MPNs [19, [22] [23] [24] , while female gender is associated with improved survival [22] . MPN subtype influences survival, with PV and ET generally showing significantly longer survival that MF [22, 26] . JAK2 V617F mutation status may also impact survival [27] , but this factor is rarely examined or captured outside of clinical trial settings, particularly for PV and ET patients. Geography and ethnicity can also impact survival. Maynadie et al. (2012) reported regional survival differences between Northern Europe and Eastern Europe of 74% and 27%, respectively [23] . Xu et al. (2012) compared MPN patients in China with literature reports based primarily on Caucasian populations, finding that Chinese MPN patients were significantly younger, with fewer having palpable spleens or constitutional symptoms, and had significantly better survival as compared with Caucasian MPN patients [25] .
Our survival findings based on age group were consistent with these prior reports. Interestingly, ET and PV patients 85 years of age or older in our study were well-separated from the younger three cohorts in terms of lower survival. However, in the MF group, the youngest cohort (45-64) separated with far better survival from the older three age groups, which had relatively similar survival. Improved survival based on female gender was mostly consistent with prior MPN research, with one exception for PV males, who had better survival than PV females. Compared to white patients with PV and ET, black patients in both subtypes experienced a statistically significant higher risk of death, possibly related to health care access challenges for patients with longer term MPN disease. Across the three MPN subtypes, approximately half of the MPN patients were eligible for the JAK2 V617F testing based on their diagnosis date, but very few results for this test were recorded in SEER. The reasons for this lack of data are unclear and preclude further survival analysis based on JAK2 V617F status. Disease associated risk factors such as age greater than 65 years, hemoglobin level, white blood cell count, peripheral blood blasts, constitutional symptoms, and abnormal karyotypes have been shown to have predictive value for assessment of survival using the Dynamic International Prognostic Scoring System for Primary Myelofibrosis [28, 29] . Except for age, the information was not available so that analysis based on risk was not conducted.
Our study was subject to several limitations. First, our study was limited to enrollees in the US Medicare system, which consists primarily of older patients. Thus, our findings may not be generalizable to other populations, including those enrolled in commercial managed care plans or patients in other public payer systems such as Medicaid. Second, although MPN incidence is highest in elderly persons, our Medicare sample was not representative of the true age distribution of all MPN cases in the US, and was specifically subject to underrepresentation of younger patients. Third, MPN patients in our study were required to have been first diagnosed with an MPN on or after Medicare entry. This inclusion criterion ensured that all patients could be followed continuously until death or censoring, but it resulted in the exclusion of some patients diagnosed with an MPN at younger ages who survived until Medicare entry. Our study sample may therefore be older than the general Medicare population living with these diseases. Lastly, while the SEER cancer registry is considered an authoritative source and system for the reporting of both solid tumor and hematologic malignancies in the US, recent evidence suggests that MPNs may be underreported in US cancer registries [30] . It is unknown whether and to what extent MPN cases captured by SEER may differ from unreported cases.
Despite these limitations, our study provides new data on expected survival in Medicare enrollees with MPNs and supports new findings in a recent study of Swedish MPN patients that ET and PV do not carry as favorable a prognosis as once thought. These findings affirm a changing thought paradigm that recognizes all MPN subtypes as diseases that reduce life expectancy. Our findings may therefore have implications for the clinical management of MPN patients and underscore the need for improved therapies of all MPN subtypes. Further research is needed to not only assess MPN survival in a more generalized US population over a longer period of time, but to also formally examine potential patient and clinical factors that affect survival. Such information may further aid clinicians in the provision of optimal care for MPN patients and in the development of more effective therapies for all MPN subtypes.
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